Background: The daily rhythm of body temperature is an important process to be studied not only to advance knowledge on the temporal variability of thermal homeostasis but also has a means to facilitate the study of biological rhythmicity in general. The aim of the present study was to study the daily rhythm of rectal temperature and the changes in the serum levels of mitochondrial uncoupling protein 1 (UCP1) in goat.
Introduction
In homoeothermic organisms, the core body temperature is regulated within a narrow range by a complex feedback system. The thermoregulatory center controls mechanisms aimed at equalizing heat production and heat lose. Two strategies are used for heat production: shivering thermogenesis (SH), involving skeletal muscles, and non-shivering thermogenesis (NST). A major site of mammalian NST is brown adipose tissue (BAT), characterized by high glucose uptake, oxidative capacity and mitochondrial uncoupling [1] . Thermogenesis in BAT results from an increase in the rate of substrate oxidation in mitochondria caused by a proton conductance pathway through the uncoupling protein 1 (UCP1) [2] .
Thermal physiologists have generally assumed that the circadian rhythm of body temperature is primarily under homeostatic control and it is secondarily modulated by the circadian system through an oscillation in the thermoregulatory set point [3, 4] .
From the viewpoint of the circadian physiologist, it is more sensible to assume that the circadian oscillation in body temperature is primarily under circadian control, bypassing the thermoregulatory set point, and is secondarily modulated by the thermoregulatory system [5] . Circadian rhythm of body temperature has been found in many mammals' species [6] . It has been suggest that BAT is neuroanatomical connected with the SCN, indicating the possible involvement of BAT in associations between disturbed circadian rhythm and obesity [7] . In human, it has been suggested that BAT activity is also physiologically regulated by the biological clock [7] . The presence of BAT in adult mammals is a recent discovery, thus confl icting results on the UCP1 presence and function in adult animals are found in the literature [8] [9] [10] [11] . studies have been conducted to investigate the mechanisms controlling the circadian thermogenic rhythm, whereas no information on daily rhythm of serum UCP1 levels is available in the current literature. The aim of the present study was to study the daily rhythm of rectal temperatures and serum UCP1 values in goats in order to improve the knowledge about the primary role of circadian or thermoregulatory system on the homeostasis of body temperature.
Materials and Methods
Five not pregnant and not lactating female Maltese goats aged 3-4 year old and with a mean body weight of 44±3 kg were enrolled in the study. All the animals enrolled in the study were clinically healthy with no evidence of disease and free from internal and external parasites. Their health status was evaluated based on heart rate, respiratory rate, appetite, faecal consistency and hematologic profi le. Fresh fecal samples were examined according to the MC MASTER Method based on protocols previously described by Maffa [12] .
The animals were individually housed in a 3.5x3. The goats had free access to good-quality hay and to water. All the results were expressed as mean ± standard deviation (SD). Data were normally distributed (P > 0.05, KolmogorovSmirnov test). We applied a trigonometric statistical model to each subject values of each time series, so as to describe the periodic phenomenon analytically, by characterizing the main rhythmic parameters according to the single cosinor procedure [13] . Four rhythmic parameters were determined: mesor, amplitude (the difference between the peak, or trough, and the mean value of a wave), acrophase (the time at which the peak of a rhythm occurs), and robustness (strength of rhythmicity).
Results
The single cosinor method showed a daily rhythm of rectal temperature in studied goats during the day of monitoring (P < 0.05), whereas UCP1 oscillation did not show daily rhythmicity (Table 1 ). 
Discussion
The evaluation of body temperature represents a valuable tool to monitor the physiologic status, welfare and the stress responses of animals. The regulation of body temperature in homeotherms is ensured by mechanisms of thermolysis and thermogenesis. Thermoregulatory adjustments can be induced not only by changes in environmental temperature but also by a variety of physiological situations [14] . The results found in this study showed a daily rhythm of body temperature in goats.
The circadian changes in core temperature are probably due to a rhythmic input from the suprachiasmatic nuclei (SCN) acting upon the hypothalamic thermoregulatory system, modulating the set point and altering the thresholds for cutaneous vasodilatation and sweating [15, 16] . Rectal temperature may sometimes exceed core temperature or lag signifi cantly from these other body sites [17] .
It is stated that the circadian rhythm of body temperature is determined both by circadian changes in heat production and heat loss, with the rhythm of heat production being phase-advanced with respect to the rhythm of heat loss [18] .
Therefore, daily fl uctuation of body temperature is the results of a continuous interplay between circadian and homeostatic mechanism. The circadian rhythms generated by master clock neurons of SCN and its efferent targets in the hypothalamus integrate environmental signals to entrain behavioral rhythms as well as clock cells located in peripheral tissues including Publications Pvt. Ltd. vie expression of UCP1, as well [19] . Beige adipocytes have a very low basal level of UCP1, however, the production of this uncoupling protein increased considerably after cold exposure or different stimulation [19] . It has been reported that UCP1 production is coordinated by the clock gene Per2 [20] . This seems to suggest that UCP1 levels follow a circadian rhythm in adipose tissue. However, it is unknown whether serum values of UCP1 maintain a rhythmic trend. The results obtained in the present study showed that the serum values of UCP1
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did not show daily rhythmicity in goats suggesting a lack of synchronization of this protein at serum level where its rhythm may have been abolished.
Conclusion
The results obtained in the present study confi rm that the body temperature is under the circadian control in goat species, whereas the serum levels of UCP1 is not rhythmic in adult goats, and probably the activity of this protein is auxiliary to keeping the body temperature daily rhythm.
